Myosin heavy chain synthesis is independently regulated in hypertrophy and atrophy of isolated adult cardiac myocytes.
Hypertrophy of isolated adult feline cardiac muscle cells may be induced in culture by either alpha- or beta-adrenergic agonists. However, it has been shown previously that each of these agonists activate different subsets of immediate-early response genes and have different effects on expression of "fetal" protein isoforms and stimulation of protein synthesis. Moreover, in adult feline heart cells, beta-adrenergic agonists, such as isoproterenol, activate sustained synchronous beating and sarcomeric reorganization while alpha-adrenergic agonists, such as phenylephrine, do not. The objective of the present study was to determine whether these differences in proximal signaling events converged in a common signal pathway during activation of contractile protein synthesis. By direct comparisons of actin and myosin heavy chain (HC) synthesis and accumulation following isoproterenol and phenylephrine, it was determined that both agonists stimulate a coordinated accumulation of these proteins during cardiomyocyte growth. However, each agonist stimulated a very different program of contractile protein synthesis. During phenylephrine-induced hypertrophy, actin and myosin HC syntheses were rapidly and coordinately activated and continuously maintained at rates 10-25% greater than untreated cultures. The pattern of myosin HC synthesis following isoproterenol was very much more complex with periods during which it was as much as 40% greater or 25% less than in control cultures. Furthermore, there was no correlation between rates of actin and myosin HC synthesis following isoproterenol. It was concluded that actin and myosin HC syntheses and accumulation were regulated independently and in a very different manner following isoproterenol or phenylephrine. Since protein accumulation was not correlated with synthesis rates during development of hypertrophy, it was also concluded that post-translational mechanisms played a significant role in the maintenance of contractile protein stoichiometry during beta-adrenergic/beating-induced hypertrophy. Myosin HC synthesis also appeared to be independently regulated during cardiomyocyte atrophy induced by the calcium channel blocker nifedipine. Unlike the case in hypertrophy, however, protein balance was not maintained in nifedipine, and the depression of myosin HC synthesis and loss of myosin HC content were much greater than in the case of other contractile proteins.